Patients who experience unilateral neglect after acute right hemispheric stroke have a more difficult recovery course than do patients without neglect. [1] [2] [3] [4] Patients with neglect have longer stays in rehabilitation facilities 4 and continue to have worse functional status for at least a year after their strokes. 3 Similarly, advanced age is a risk factor for poor functional outcome after acute stroke. 3, 5 It is not clear, however, whether some of the poor outcome in the elderly is due to higher rates of symptoms such as neglect.
Older patients experience neglect at higher rates than younger patients. In one series, only 5% of patients aged 18 to 50 years had unilateral neglect, compared with 18% of subjects older than 80 years. 6 In the Copenhagen Stroke Study, patients with neglect were on average almost 4 years older than equivalent patients without neglect. 7 In contrast, in a series of 388 first-ever stroke patients in whom testing was performed for both unilateral neglect and anosognosia, patients with unilateral neglect were no different in age than subjects without neglect (mean age 76.6 years for those with neglect vs 75 years for those without neglect, p ϭ 0.26). However, in this study, patients with anosognosia were older (82.6 years for those with anosognosia compared with 73.8 years for those without, p ϭ 0.001). 8 We studied patients with acute right hemispheric stroke to determine 1) whether increasing age was associated with neglect at a higher frequency, 2) whether increasing age was associated with more severe neglect, and 3) whether these relationships were independent of differences in stroke size and severity. In addition, we compared their relationships between age and neglect performance with those in a group of controls with vascular disease but without stroke.
METHODS Subjects. Subjects were a subset of a consecutive series of patients with acute right hemispheric ischemic stroke symptoms who were admitted to Johns Hopkins Hospital or Johns Hopkins Bayview Medical Center. Each subject met the following inclusion criteria: 1) able to provide informed consent for the study or indicate a family member who provided informed consent; 2) no contraindication to MRI (e.g., implanted ferrous metal); and 3) no prior diagnosis of dementia, previous symptomatic stroke, or other neurologic disease, significant hearing loss, or blindness. Exclusion criteria were as follows: 1) presence of acute left hemispheric infarct on diffusion-weighted imaging (DWI) MRI; 2) presence of acute infratentorial stroke; 3) presence of intraparenchymal hemorrhage (other than small petechial hemorrhage into an ischemic stroke); 4) absence of acute infarct on DWI MRI; and 5) lefthandedness. All patients provided informed consent using forms approved by the institutional review board, and within 24 hours of admission (within the first 5 days after stroke onset, but usually within 24 hours of stroke onset), all of these subjects underwent extensive cognitive batteries with an emphasis on neglect testing. In addition, patients included in this study underwent neuroimaging with DWI MRI within 24 hours of admission. We included only subjects who completed at least part of the neglect battery and also had DWI.
A separate comparison group of subjects also underwent some of the cognitive testing. These participants were TIA patients or patients scheduled to undergo coronary artery bypass graft (CABG) surgery, and all had no stroke on MRI obtained the day of testing. A subset of the cognitive tests was administered to the subjects.
Testing. For all stroke patients, a part of or the entire neglect battery was administered, including eight tests:
1. Oral reading: reading 30 words, displayed over two columns, and five sentences on a single sheet of paper, read without time limits. 2. Copy scene: copying the "Ogden scene": a house, a fence, and two trees. 9 There are 16 total components to the picture, so each missing component is thus scored as an error. Grossly misplaced components are scored as half an error. Total er-rors are divided by total number of components for percent error. 3. Clock copying: subjects are instructed to copy an analog clock, reading a certain time; this is also scored by omitted components as errors, and percent of the total components. 4. Vertical line bisection: drawing a short horizontal line at the middle of a single vertical 10-inch line. 5. Horizontal line bisection: drawing a short vertical line at the middle of a single horizontal 10-inch line, presented both at midline and at 45 degrees both right and left of midline. The distance to the right of center averaged over these three trials provided the final score. 6. Line cancellation: crossing out all of 28 vertical lines shown on a piece of paper, presented at center, 45 degrees right of midline, and 45 degrees left of midline, with percent error (omissions) averaged over these three trials. 10 7. Visual extinction, two tests: a) percent errors in detecting finger wiggling in the contralateral visual field over 12 trials of simultaneous bilateral stimulus presentation and b) the ratio of errors in detecting finger wiggling alone in the contralesional field to errors detected in finger wiggling in the left field during bilateral stimulation. 8. Tactile extinction, two tests: the same as 7 but with light touch stimulus.
Patient age was recorded at the time of testing, in years. Error rates were recorded as percent error, with the exception of the two ratio tests (7b and 8b, above), which were recorded as ratios.
For comparison subjects, all of the same neglect tests were administered, with the exception of 7a and 8a, and comparison subjects only had horizontal line bisection presented at midline. All testing was performed preoperatively for the CABG patients, or when patients no longer had transient stroke symptoms in the case of the TIA patients.
We defined a variable, "any neglect," as positive if the subject had a Z score Ͼ2 on at least one of the following tests: horizontal line bisection, line cancellation, or copying the Ogden scene (the tests with the most complete data). Z scores were created based on the comparison individuals who were undergoing preoperative testing before CABG surgery or who had TIAs. A second, stricter definition of "any neglect" was created, in which an individual was required to have a Z score Ն2 on at least two of the three tests listed above.
The NIH Stroke Scale (NIHSS) was calculated for each patient by chart review. For some patients, the NIHSS was directly recorded in the chart at the time of admission, whereas for others, the previously validated retrospective technique in calculating the NIHSS was used. 11 Volumetric analysis. Volumetric analysis was performed by a technician or investigator with the assistance of ImageJ software, using DWI images. 12 Lesions were traced on individual slices, and volumes of infarct were calculated based on the slice thickness and were recorded in cubic centimeters. Patients with left hemispheric acute infarcts were excluded, as were patients with any infratentorial infarct. For a subsample of 10% of the total sample, volumetric analysis was repeated by another investigator, and an intraclass correlation coefficient was calculated for this subset.
Statistical analysis: Stroke patients. Stata version 8.0 for
Macintosh was used for all analyses. 13 We used descriptive statistics to characterize the study population. We analyzed age both as a continuous variable (as an independent variable in regression models) and as a categorical variable, comparing patients younger than 65 years with those older than 65 years. As a dependent variable in these regression models, we used "any neglect" (both definitions) in a logistic regression model to assess prediction of neglect frequency, and we also used percent error on the various tests described above in linear regression models to determine severity of neglect. Finally, in the multivariate models, we included infarct size (measured using DWI images, as described above) and admission NIHSS as covariates. For these regression models, variables were removed one at a time to calculate a likelihood ratio test to determine the level of significance of the variable in question. Goodness of fit was assessed with the Hosmer-Lemeshow statistic for the logistic regression. Collinearity was assessed with the variance inflation factor. We also used 2 testing for univariate categorical comparisons (dichotomized age vs any neglect) and Student t tests for univariate continuous comparisons (e.g., mean age for subjects with and without any neglect).
Statistical analysis: Comparison group. The relationship
between age and error rate on various neglect tests was studied in a comparison group, as in the cases (stroke patients), using linear regression using both a continuous variable (for age) and a categorical variable, comparing patients younger than 65 years with those older than 65 years. For comparison with the normal controls, a separate model was created that included both populations as well as a variable for case status. The effect of case status on the association between age and neglect performance was explored through an interaction term.
RESULTS
Of 329 potentially eligible patients, 125 were excluded: 60 had TIAs, 32 had some infratentorial lesion on acute MRI, 29 had left hemispheric acute stroke, and 4 had intracerebral hemorrhage on MRI. Thus, a total of 204 stroke patients were included in this study and were studied within 24 hours of admission and within 5 days of symptom onset. The median age was 65 years, with a range from 26 to 95 years; the mean age was 64.3 years (SD 14 years). Further demographic information about these age groups is provided in table 1. The mean stroke volume for stroke patients older than 65 years was 22.6 mL, compared with 25.8 mL for younger patients (p ϭ 0.59). Information about completeness of testing data is supplied in table 1.
For a subsample of 10% of the total sample of cases, volumetric measurements were duplicated by the lead investigator. For these 21 cases (ranging in volume from 0.097 to 306.012 mL), the intraclass correlation coefficient was excellent, at 0.978 (95% CI, 0.958 -0.997).
Data are first presented using "any neglect" defined by at least one Z score Ն2 on the three tests described above. A total of 69.6% of subjects older than 65 years had "any neglect," as defined above, whereas only 49.4% of subjects aged 65 and younger had neglect (p ϭ 0.008). Subjects with neglect had an average age of 66 years, whereas those without neglect were aged 60 years, on average (p ϭ 0.005). In a multivariate logistic regression analysis, for every additional 10 years of age, patients were 1.54 times as likely to have any neglect by this definition, even after adjusting for DWI infarct volume and NIHSS score (adjusted odds ratio [OR] 1.54, 95% CI 1.18 -2.01; p ϭ 0.0008; crude OR 1.37, 95% CI 1.09 -1.71). DWI volume and initial NIHSS were also independent predictors of having any neglect. Per additional 10 mL of infarct volume, by DWI, subjects were 32% more likely to have any neglect in this adjusted model (OR 1.32, 95% CI 1.06 -1.64). Per additional point on the NIHSS, there was a 13% increase in odds of having any neglect (adjusted OR 1.13, 95% CI 1.03-1.25) after adjustment for DWI volume and age.
When "any neglect" was defined more strictly, as defined above, 31% of the total sample of stroke patients had neglect by this definition: a Z score Ն2 on at least two of the three included tests. With this definition, of those older than 65 years, 40% of individuals had neglect, compared with 23.5% of younger individuals (p ϭ 0.025). For every 10 additional years, in the model adjusted for NIHSS and DWI volume, individuals were 1.36 times as likely to have neglect by this definition (adjusted OR 1.36, 95% CI 1.01-1.83).
Scores on most of the neglect tests worsened as an effect of age. Percent error on a line cancellation task was 3.8% higher (with a minimum of 0% and maxi- mum possible of 100%) for every additional 10 years of age after adjustment for DWI volume and NIHSS (p ϭ 0.006) ( figure) . Similar results were found for the copy scene task (␤ ϭ 6.5, p Ͻ 0.0001) and copying of a clock (␤ ϭ 4.1, p ϭ 0.002), each per 10 additional years of age. See tables 2 and 3 for additional results. These results are suggestive of worse performance on most tests for individuals with increasing age. Performance by the comparison patients is found in appendix e-1 on the Neurology ® Web site at www.neurology.org. DISCUSSION We have found that, among patients with acute right hemispheric stroke, neglect occurs at higher frequency and at increasing severity in older patients. This is independent of the size of the stroke and the severity of other presenting clinical symptoms. We found similar results across multiple neglect tests and by analyzing age and neglect as either continuous or categorical variables. The relationship persisted when a stricter definition of neglect was used. In addition, infarct volume, defined by DWI volume, and severity of stroke, defined by NIHSS score, were each independent predictors of presence of neglect. Although not all individual neglect test error rates were significantly associated with increasing age, they all were in the direction of higher error rates for older individuals. It could be hypothesized that performance on any cognitive test, including neglect tests, worsens with increasing age. Some of this age-related effect was found in a separate sample of comparison patients (other patients with vascular disease), but a significant effect was only found with one neglect test (line cancellation), and the size of the effect was much smaller (almost 10-fold smaller) than that found with this study population with stroke. The curve describing the relationship between age and neglect score was much steeper for patients with stroke than with controls, despite similar age distributions.
Older patients with stroke may be more likely to have had prior ischemic brain injury and thus may not be able to compensate as well for further injury (and may experience more cognitive sequelae, such as neglect, as a consequence). This is further supported by literature suggesting that other cognitive functions after stroke, such as language, are affected more frequently in older than in younger patients. 14 Total brain volume could also explain some of the differences in extent of neglect. Even though we adjusted for infarct volume, if for the older patients this represents a larger percentage of total brain volume, the older patients might have more difficulty performing the neglect tests.
An alternative explanation for our findings is that older patients have specific brain changes that make them more vulnerable to neglect as a result of right hemisphere stroke. It has been proposed that there are two brain networks that work together to carry out visual attentional functions: the dorsal network, important for goal-directed selection of stimuli (located in the dorsal posterior parietal and frontal cortex bilaterally), and another, the ventral network, responsible for stimulus-driven control of attention and target detection, which is located primarily in the right hemisphere. Patients with neglect usually have lesions to the right hemisphere, damaging the ventral network (and thus have problems with stimulus detection), as well as the connections between the ventral and dorsal network on the same side, affecting goal-directed stimulus selection also. 15 Dysfunction of both networks (by lesion or disconnection) leads to more severe neglect than does dysfunction of just one of the networks. Further evidence for the importance of intact connections between these two networks (dorsal and ventral) is supported by functional imaging data, showing that disconnection of the tracts between frontal and parietal cortices was associated with more severe neglect. 16 Elderly patients may have more atrophy, for example, or more white matter disease in the bilateral frontal cortices (the dorsal network bilaterally), which may lead to impaired goal-directed selection of stimuli and may make them more vulnerable to developing neglect in the setting of a new right hemispheric ischemic lesion affecting the ventral network. Severe neglect requires dysfunction of both networks. The primary limitation of the current study is the paucity of information on stroke location. Elderly patients might be more likely to have cardioembolic strokes, such as due to atrial fibrillation, and might be more likely to have strokes in the cortex, a location that would lead to more neglect. 6 If this difference accounted for all of our findings, however, one would expect systematic differences in stroke volume in these populations. The infarct size was comparable in the older and younger patients (mean 22.6 mL vs 25.8 mL, not significant), and averaged even smaller in older patients. There was also no significant statistical relationship between age and DWI volume when each was examined as a continuous variable.
Another limitation is that there is no agreed-on definition of neglect. Some authors have advocated the use of several tests to increases sensitivity and specificity. 17 Even with multiple definitions of neglect, older patients in our study had neglect more frequently than did younger patients.
We had a moderate amount of missing data on the components of our neglect battery (table 2). In a sensitivity analysis to determine whether those with missing data were otherwise different from those included in the study, the mean DWI volume for the 28 subjects who were unable to be rated for "any neglect" due to missing data was 27 mL, compared with 25 mL for those 181 participants who were able to be rated. The mean age of those with missing "any neglect" data was 62.4 years, compared with 63.9 years in the included group; both groups averaged 6 as their NIHSS. Based on these post hoc analyses, it does not seem that the excluded group is substantially different in reference to stroke size, severity, or age. In part, because the entire neglect battery is time-consuming, some subjects either stop tolerating testing of any type or are interrupted for clinical tests or therapies.
Our findings, which incorporate infarct volume and stroke severity in assessing the relationship between age and neglect, suggest that elderly stroke patients may be more likely to experience poststroke neglect. This is beyond what would be expected as a result of age alone and highlights a particular problem for older stroke patients. Further studies are needed to determine whether stroke location or total brain volume account for much of this age effect. In addition, information about the extent of white matter burden of the brain will be critical in future studies to determine whether this explains some of the age effect. Particular care should be taken to identify any potential symptoms of neglect and to rehabilitate elderly patients with right hemispheric strokes. Beta coefficients are in percentage points. For example, on the copy scene task, the error rate averaged 6.48 percentage points higher per additional 10 years of age. Because 10 distinct comparisons are being made, by a Bonferroni correction, a p value Ͻ0.005 would be considered significant. *Adjusted for admission NIH Stroke Scale, diffusion-weighted imaging volume (in milliliters). The p values are for comparison between stroke patients older than 65 years and stroke patients aged 65 years and younger. Mean error rates for the comparison group are also presented. *See appendix e-1.
